Introduction {#section1-2058-5241.3.170022}
============

In the 20th century, Sir John Charnley and Sir John Insall successfully introduced modern total joint replacements for hips (THA) and knees (TKA), respectively. In order to prevent implant fixation failure and accelerated polyethylene wear, it was initially recommended that implants were positioned in a 'biomechanically friendly' way, which disregarded most of the individual patient anatomy.^[@bibr1-2058-5241.3.170022]-[@bibr5-2058-5241.3.170022]^ Therefore, knee implants were aligned perpendicular to the femoral and tibial mechanical axes^[@bibr2-2058-5241.3.170022],[@bibr3-2058-5241.3.170022]^ and the acetabular cup component was medialized as much as possible.^[@bibr1-2058-5241.3.170022],[@bibr4-2058-5241.3.170022],[@bibr5-2058-5241.3.170022]^ A few years later, Lewinnek et al^[@bibr6-2058-5241.3.170022]^ recommended that the acetabular cup was radiographically positioned with 40° inclination and 20° anteversion, as they found it reduced the risk of prosthetic hip dislocation.

While those initial surgical techniques made for popular and clinically successful total joint replacements, many complications have remained, most notably the functional limitations after TKA^[@bibr7-2058-5241.3.170022]^ and the persistence of frequent instability after THA.^[@bibr8-2058-5241.3.170022]^ In response to those complications, many improvements were developed in the field of joint replacement over the last few decades, moving away from these conventional methods of positioning to more personalized techniques, namely kinematically aligned (KA) THA^[@bibr9-2058-5241.3.170022]^ and TKA.^[@bibr10-2058-5241.3.170022]^

This instructional review aims, in the first half, to outline the rationale and clinical outcomes of conventional implant-positioning surgical techniques for TKA and THA and then, in the second half, to describe the newly promoted more personalized techniques (kinematic alignment).

Conventional techniques for hip and knee replacement: rationale and limitations {#section2-2058-5241.3.170022}
===============================================================================

Conventional technique for TKA {#section3-2058-5241.3.170022}
------------------------------

For decades, knee components have been positioned following the concept of mechanical alignment (MA), where implants are aligned perpendicular to the femoral and tibial mechanical axes in order to create a straight lower limb with a prosthetic tibio-femoral joint line (TFJL) perpendicular to the overall limb mechanical axis ([Fig. 1](#fig1-2058-5241.3.170022){ref-type="fig"}). Also, the femoral component is expected to be frontally and axially aligned with the trans-epicondylar axis, which then becomes the prosthetic flexion-extension axis, and the flexion and extension gaps are made, sometimes through the need for soft-tissue release, rectangular and identical in every knee^[@bibr2-2058-5241.3.170022],[@bibr3-2058-5241.3.170022]^ ([Fig. 1](#fig1-2058-5241.3.170022){ref-type="fig"}). Every patient implanted with a MA TKA receives similar implant positioning, despite the fact that each patient has different constitutional knee anatomy (obliquity of the native TFJL, alignment of the native knee). This technique enables protection of each implant's fixation and surface bearing by reducing the knee adduction moment and by more evenly sharing the loading between medial and lateral tibial plateaus.^[@bibr1-2058-5241.3.170022]^ All of these things aim to optimize long-term implant survivorship. Also, it aligns the extensor mechanism, which reduces the risk of patella instability.^[@bibr2-2058-5241.3.170022],[@bibr3-2058-5241.3.170022]^

![Comparison between KA TKA and MA TKA. In KA TKA, the posterior femoral cut (red) is made parallel to the posterior condylar line (dotted blue). In comparison, in MA TKA, the femoral cut is made with 3° external rotation relative to the posterior condylar line (measured resection) or parallel to the tibial cut (dotted red -- gap balancing) which is perpendicular to the mechanical axis of the tibia (solid blue).](eor-3-98-g001){#fig1-2058-5241.3.170022}

Besides these biomechanical advantages, there remain some inconveniences related to the disregard for individual knee anatomy: first, changing the lower limb and joint line alignment often leads to the need for technically demanding, and therefore poorly reliable, soft-tissue balancing;^[@bibr2-2058-5241.3.170022],[@bibr11-2058-5241.3.170022]^ second, a high rate of lateral trochlea facet and distal condyle overstuffing, potentially responsible for clinically deleterious lateral retinacular stretching and patella mal-tracking;^[@bibr12-2058-5241.3.170022]^ and third, abnormal tibiofemoral (TF) and patella-femoral joint (PFJ) kinematics.^[@bibr13-2058-5241.3.170022]^ These drawbacks might explain why MA TKAs have remained overall functionally disappointing with high rates of residual symptoms (an average of 50%)^[@bibr7-2058-5241.3.170022]^ despite the many improvements in surgical precision and knee implant design.^[@bibr14-2058-5241.3.170022]-[@bibr17-2058-5241.3.170022]^

Conventional positioning for THA {#section4-2058-5241.3.170022}
--------------------------------

For decades, it was recommended that the prosthetic hip centre of rotation be medialized relative to the native centre of rotation by medialization of the acetabular component and a compensatory increase of femoral offset ([Fig. 2](#fig2-2058-5241.3.170022){ref-type="fig"}).^[@bibr4-2058-5241.3.170022],[@bibr5-2058-5241.3.170022]^ The rotation is mainly biomechanical, as this reduces the joint reaction force secondary to a reduction of the abduction moment from the abductors,^[@bibr4-2058-5241.3.170022],[@bibr18-2058-5241.3.170022]^ thus reducing the risk of early implant loosening and accelerated polyethylene liner wear. This concept has generated good long-term implant survivorship.^[@bibr19-2058-5241.3.170022]^

![Comparison between KA THA and conventional THA.](eor-3-98-g002){#fig2-2058-5241.3.170022}

Since 1978, the prosthetic cup orientation has been recommended to be at 40° inclination and 20° anteversion (Lewinnek box) relative to the anterior pelvic plane (Lewinnek plane), as this was shown to reduce the risk of prosthetic dislocation.^[@bibr6-2058-5241.3.170022]^ Because the native acetabular orientation varies in the population,^[@bibr20-2058-5241.3.170022],[@bibr21-2058-5241.3.170022]^ a similar prosthetic orientation for all patients is rarely likely to reproduce their constitutional acetabular anteversion, either anatomical or functional, and their functional cone of hip mobility ([Fig. 2](#fig2-2058-5241.3.170022){ref-type="fig"}). As the soft tissues around the hip tend to limit the motion of the hip within its physiological cone of mobility,^[@bibr22-2058-5241.3.170022],[@bibr23-2058-5241.3.170022]^ this positioning (disregarding the individual acetabular anteversion) is likely not to be optimal and therefore sometimes generates complications such as articular impingement and prosthetic instability.^[@bibr24-2058-5241.3.170022],[@bibr25-2058-5241.3.170022]^

Personalized techniques for total joint replacement: the kinematic revolution {#section5-2058-5241.3.170022}
=============================================================================

Kinematic alignment technique for TKA {#section6-2058-5241.3.170022}
-------------------------------------

Following the results of a few studies suggesting that the standing post-operative limb alignment was of poor predictive value for clinical outcomes for patients with MA TKA,^[@bibr26-2058-5241.3.170022]^ the idea of preserving the constitutional knee alignment arose.

Since 2007, Howell et al have promoted the KA technique for TKA,^[@bibr10-2058-5241.3.170022]^ which aims at restoring the native three-dimensional (or constitutional) anatomy of the TFJL and at aligning the implants with the kinematic axis of the knee, namely the cylindrical (or trans-condylar) axis,^[@bibr13-2058-5241.3.170022]^ around which the tibia flexes and extends around the femur ([Fig. 1](#fig1-2058-5241.3.170022){ref-type="fig"}). In simplistic terms, the KA technique is almost a true resurfacing of the TFJL, where implant thickness aims to replace the exact same amount of 'bone cartilage' removed and therefore to restore the highly variable individual native pre-arthritic (or constitutional) TFJL orientation^[@bibr27-2058-5241.3.170022],[@bibr28-2058-5241.3.170022]^ and soft-tissue laxity.^[@bibr28-2058-5241.3.170022]-[@bibr30-2058-5241.3.170022]^ It is important to understand that the KA technique is not a modification of the MA technique, but rather a new surgical technique for TKA, with only the sagittal positioning of the femoral component shared with the MA technique. The KA technique, like the MA technique, can be performed with the use of navigation^[@bibr31-2058-5241.3.170022]^ or patient-specific instrumentation^[@bibr32-2058-5241.3.170022]^ or manual instrumentation.^[@bibr33-2058-5241.3.170022]^

Current evidence has shown this personalized technique performs better early on than the MA technique for TKA. Five randomized studies^[@bibr32-2058-5241.3.170022],[@bibr34-2058-5241.3.170022]-[@bibr38-2058-5241.3.170022]^ have shown the KA TKA to provide faster recovery than MA TKA, and a meta-analysis^[@bibr39-2058-5241.3.170022]^ concluded that KA TKAs provide better functional outcomes and similar complication rates compared with MA TKA at two-year follow-up. Also, a prospective cohort study^[@bibr40-2058-5241.3.170022]^ and a systematic review^[@bibr41-2058-5241.3.170022]^ found the KA technique to generate excellent overall outcomes up until six years of follow-up. Longer-term outcomes are needed in order to define the best indication for the KA technique, as it is likely some patients would not benefit from restoration of their constitutionally extreme 'patho-anatomy'.^[@bibr42-2058-5241.3.170022]^

Kinematic alignment technique for THA {#section7-2058-5241.3.170022}
-------------------------------------

Technological developments enabling more precise surgery (computer-assisted surgery, robotics^[@bibr43-2058-5241.3.170022]^) and improvement in implant design and quality (wear-resistant surface bearings,^[@bibr44-2058-5241.3.170022]^ biological implant fixation) have enabled the progressive evolution of THA towards a more anatomical technique aiming to better restore the native hip centre of rotation^[@bibr5-2058-5241.3.170022]^ and acetabular anteversion ([Fig. 2](#fig2-2058-5241.3.170022){ref-type="fig"}).^[@bibr45-2058-5241.3.170022],[@bibr46-2058-5241.3.170022]^ A technique for aligning the prosthetic cup parallel to the transverse acetabular ligament (TAL), and therefore allowing a personalized cup position, has recently been promoted with high safety and efficacy regarding dislocation risk.^[@bibr45-2058-5241.3.170022],[@bibr46-2058-5241.3.170022]^ However, despite more personalized cup positioning and improvements in implant tolerance (larger head-neck ratio design to prevent articular impingement, larger head to increase the jumping distance), prosthetic instability remains a concerning complication and one of the main causes of early revision after THA.^[@bibr8-2058-5241.3.170022],[@bibr45-2058-5241.3.170022]^

There are two types of abnormal lumbopelvic sagittal kinematics which may influence complications after THA.^[@bibr9-2058-5241.3.170022]^ The first one is related to insufficient pelvic retroversion ([Fig. 4](#fig4-2058-5241.3.170022){ref-type="fig"}) when sitting or squatting (type 1)^[@bibr9-2058-5241.3.170022],[@bibr47-2058-5241.3.170022]-[@bibr51-2058-5241.3.170022],[@bibr61-2058-5241.3.170022]^ and the second ([Fig. 5](#fig5-2058-5241.3.170022){ref-type="fig"}) is a consequence of ageing of the spine where the pelvis becomes progressively more retroverted when standing (type 2).^[@bibr52-2058-5241.3.170022],[@bibr53-2058-5241.3.170022]^ Patients with one of these aforementioned abnormal types of pelvic kinematics or an abnormally low pelvic incidence (\< 35°) are therefore affected by a clinically deleterious lumbopelvic stiffness.^[@bibr54-2058-5241.3.170022]-[@bibr60-2058-5241.3.170022]^ This generates aberrant functional acetabular orientation in sitting/squatting^[@bibr9-2058-5241.3.170022],[@bibr47-2058-5241.3.170022]-[@bibr51-2058-5241.3.170022],[@bibr61-2058-5241.3.170022]^ or standing positions.^[@bibr59-2058-5241.3.170022],[@bibr62-2058-5241.3.170022]^ A compensatory effect by the use of a larger hip range of motion makes these patients 'hip users'^[@bibr9-2058-5241.3.170022]^ ([Fig. 3](#fig3-2058-5241.3.170022){ref-type="fig"}). With THA, this lumbopelvic stiffness might be responsible for some complications such as prosthetic instability^[@bibr9-2058-5241.3.170022],[@bibr55-2058-5241.3.170022],[@bibr57-2058-5241.3.170022]^ and/or edge-loading.^[@bibr50-2058-5241.3.170022]^ Sagittal pelvic kinematics can be estimated in daily practice through standing and sitting lateral lumbopelvic images, either with conventional radiographs or EOS images^[@bibr63-2058-5241.3.170022]-[@bibr65-2058-5241.3.170022]^ (EOS imaging system®, Biospace®, Paris, France).

![Comparison between a 'hip' and 'spine' user's pelvic kinematics in standing (solid line) and sitting (dashed line). Note the differences in pelvic incidence (blue), sacral slope (green) and the sacro-femoral angle (orange).](eor-3-98-g003){#fig3-2058-5241.3.170022}

![Type 1 spine-hip syndrome. Note the lack of decrease in sacral slope (green) between standing (left) and sitting (right), contributing to femoroacetabular impingement (red). Pelvic incidence in blue and pelvic tilt in red.](eor-3-98-g004){#fig4-2058-5241.3.170022}

![Type 2 spine-hip syndrome. Ageing of the spine results in loss of lumbar lordosis and increased standing pelvic retroversion. Note the decrease in sacral slope (green) and increase in pelvic tilt (red). The pelvic incidence (blue) remains relatively fixed with age.](eor-3-98-g005){#fig5-2058-5241.3.170022}

The concept of KA THA^[@bibr9-2058-5241.3.170022]^ consists of restoring the constitutional hip anatomy (proximal femur anatomy and acetabular centre of rotation) and taking into account the individual sagittal lumbopelvic kinematics in order to plan the implant design (cup and head size), the acetabular cup orientation (using the TAL^[@bibr19-2058-5241.3.170022],[@bibr46-2058-5241.3.170022]^) and the need for spinal surgery to correct a severe sagittal imbalance ([Table 1](#table1-2058-5241.3.170022){ref-type="table"}). The more stiff a lumbopelvic complex is, the more it seems sensible firstly to use a large diameter femoral head^[@bibr24-2058-5241.3.170022],[@bibr25-2058-5241.3.170022],[@bibr66-2058-5241.3.170022],[@bibr67-2058-5241.3.170022]^ or dual mobility cup with a mobile liner^[@bibr68-2058-5241.3.170022],[@bibr69-2058-5241.3.170022]^ which are more tolerant to articular impingement and edge loading, and second to adjust cup positioning relative to the TAL^[@bibr19-2058-5241.3.170022],[@bibr46-2058-5241.3.170022]^ in order to partially correct the abnormal functional cup positioning that would have resulted in anatomic positioning^[@bibr9-2058-5241.3.170022],[@bibr58-2058-5241.3.170022],[@bibr59-2058-5241.3.170022],[@bibr61-2058-5241.3.170022]^ ([Table 2](#table2-2058-5241.3.170022){ref-type="table"}). To illustrate, it might be sensible to implant an elderly patient with severe abnormal type 2 pelvic kinematics with a dual mobility cup implanted with anatomic anteversion (parallel to the TAL) or maybe slightly reduced ([Table 2](#table2-2058-5241.3.170022){ref-type="table"}). If the same type 2 kinematic abnormality was seen in a younger patient, it might be more reasonable to use a 36 mm diameter head and to adjust the cup using the TAL^[@bibr19-2058-5241.3.170022],[@bibr46-2058-5241.3.170022]^ with reduced anteversion and inclination ([Table 2](#table2-2058-5241.3.170022){ref-type="table"}). Although more high-quality randomized controlled trials are needed to establish the safety and effectiveness of KA THA, in the author's (CR's) experience with \> 150 KA THAs, no adverse clinical or aberrant radiographic features in this cohort have been observed.

###### 

Principles of the KA technique for THA

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------
  Principles of the KA technique for THA
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Preoperatively:**\
  1. Define the individual SHR\
  2. Consider **spinal surgery** before THA if evidence of sagittal imbalance\
  3. Consider the use of "high tolerance" implants for patients with normal SHR but a **high pelvic incidence** as they are at risk of developing SHS with ageing

  **Intra-operatively:**\
  1. Restore the proximal femur anatomy\
  2. Restore the native centre of rotation\
  3. If normal SHR, restore native **acetabular anteversion**\
  4. If abnormal SHR, use "high tolerance" implants and adjust cup positioning relative to the **TAL**
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------

Note: SHR, spine-hip relation; SHS, spine-hip syndrome; TAL, transverse acetabular ligament.

###### 

THA considerations for 'spine' users compared with 'hip' users

  -----------------------------------------------------------------------------------------------------------------------------------------------------
  Stiff LPC/'hip' user\                                                Flexible LPC/'spine' user\
  (e.g. low PI or abnormal LPC kinematics)                             (e.g. high pelvic incidence & normal LPC kinematics)
  -------------------------------------------------------------------- --------------------------------------------------------------------------------
  • Use tolerant implant (large diameter head or dual mobility cup)\   • No specific implant tolerance required\
  • Adjust cup position relative to the TAL in certain cases\          • Consider the possibility of developing severe spine-hip syndrome with ageing
  • Spine surgery or physiotherapy in certain cases                    

  -----------------------------------------------------------------------------------------------------------------------------------------------------

Conclusion {#section8-2058-5241.3.170022}
==========

Both KA and conventional implant positioning have different advantages and disadvantages. The main advantage of conventional positioning is that it has a well-established, large evidence base regarding complications such as polyethylene wear in TKA^[@bibr1-2058-5241.3.170022],[@bibr3-2058-5241.3.170022]^ and dislocation in THA,^[@bibr6-2058-5241.3.170022]^ for example. However, the main disadvantage with conventional positioning is that it ignores individual variation in anatomy/kinematics, although it remains unclear whether restoring extreme native 'patho-anatomy' would be of benefit for every patient.^[@bibr42-2058-5241.3.170022]^ Even though KA TKA has shown promising early outcomes so far,^[@bibr32-2058-5241.3.170022],[@bibr34-2058-5241.3.170022]-[@bibr41-2058-5241.3.170022]^ further research is still needed (for KA THA and KA TKA) to determine the true value and role of 'personalized' implant positioning.
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